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(54) UQUID-SOAKING TYPE PROJECTION EXPOSURE APPARATUS 

(57)Abstract: 

PURPOSE: To improve resolution and focus depth by 
applying a liquid soaking method for putting high 
refractive liquid index liquid between an objective lens of 
a microscope and a sample to a projection exposure 
apparatus as production equipment. 
CONSTITUTION: A projection exposure apparatus 
comprises a illuminating means 3 for illuminating a reticle 
3, an optical projecting means 4 for projecting a pattern 
on the reticle 1 illuminated by the illuminating means 3 
onto a wafer 2 and positioning means 11-1 to 11-4 for 
positioning the wafer 2 on a predetermined position. The 
optical projecting means 4 comprises an optic element 7 
opposite to an exposed face of the wafer 2 having a 
plane or a protruding face protruding toward the wafer 2 
and a liquid reservoir 9 for holding liquid 30 which at 
least fills a space between the plane or the protruding 
face of this optic element 7 and the exposed face of the 
wafer 2. Thus a liquid soaking method which improves 
resolution and focus depth can be applied to an 

exposure apparatus, so that an inexpensive exposure apparatus with which effect according 
respective wavelengths irrespective of a wavelength of an exposure light source can be 
expected can be obtained. 
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(2) 

1 

mk!i>^m^m^fcisisem^sici6i,^x. ^^^^ 

r ^ >f ^ > h itSil^e i . tau 3fe=¥^S© 7 * - * ;^ {4 
Btci^-r -S ■5x-'^S3feM©fiHg*«IU•r4 7 * -*;^fic 

cne«:gia^c$4©iHi«?©6i:^isi. z::^ioj, ^ce 
^(i^^)C i -r^*!**]! 1 ie*s©?g«s;ai?^ 

^S. 20 

0. ■e-©3fe^^^<i:^fgi<!;©ra«:»i^.-;i'gp«*5^i:ft: 

c i j&^mi-r -5sii*iS2 is«s©««s*iffl^S3tii 

So 

[iS^:^5] '5x>'Nic?=t|S]r.57K^^^»^©56W:^ 
iHFSi-rSff3t^2SBt8©ja?l^Si5SS3ti?g. 30 

Cif*3«6] ■;>x>'^{c^^(pI-r-5.7t^«^^©¥M^>b< 
»■i;xy^^IlJ'vc^/celffi*iJ:c/■?x>'^©s3^:®©i^>^c< 

<!: «Wtt©* =» — > i^ffWi^flJ L/ r * C i * 
i T iSI*^ 2 iBtS©^«SCta:gJS5fc«a. 

s. 

in^m 1 1 3 mmfH<DSjji:^mri>fcib(DS:bii 

«:Wr-5>IS*^8ie«©?gfjSSi:!SS?B3fe^g. 

(i«*^i2] «*irtJcttj&-rs?g»©»nE^g. « 
[18^ 1 3 ] mmff^<omw(DmB^mimri>n^ so 
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3 tin* s c i =&#a i-r ■siii*^? *fc« 8 ffit8©?8 

CfS*3S15] ■i^x-'^IE!!J#^|g«. •i;x>'>5:-e-©S3l£ 
ffi{c W>i X *j J: CJt Y:&isjtc«tt 3 iii,fe.ib<DX Y:^f 
—:^4oJ:c;^©|g«)#^IS?rWb. ^tfttX Y:^7^-i?«: 

{igetj«:@s$ n-c i> c t «ri$® i -r ■sfi*^ 7 * /c 

« 8 iSSg©ffiaSCg:i5S31£J^. 

1 6 ] '?x^^|g8l^^e{3:. •5x^^*-e©S* 
H tc w X *i J: iyf Y «: «) § -If S * © X Y ;^ 7- 
-s^*sJ:af-?-©|glti#l3:*Wb. XY;^f— y©lg«jgp 
li««©J1-8|5{Cfl[g-r-5C SfS*^ 14 3E 

/c» 1 5i2«g©Ma^fi«5S3l£^g. 
li«^]«17] ■?x^^^gl!tl#e«X*^J:CXY:&I^iJ6c■J7 
x/> *3^t& $ # S A:»©X Y ;^ ^-i^fc J: -iJ X 
:g©:*3rfi]«:Mi^5J»Kixf— i^*WL/> ffi«»XY;:^r- 
-i?±K:i5g3tir(,^^C i?:^t®«i:-r*if*«7 S/c 
« 8 iH*E©?«a^i5iS3ttlgo 

«»SS5^©i^t,^^t»4-c^sE3n-c*jo« ^«?r/^ur 

i:^mfri>nn(mi 7§eis©?eB^!9j^S3i^B. 

c 1 4«F® t tr i,m^m 1 4 * /c» 1 5 iats©jK«s;ia: 

[i«*^2 0 ] (ig^fe^eiiu— tf^^l+K: <fc D 

x^^^Sig^:«ltiJf S^SiWU. ?SffiWC©U— tf^g^ 
tf-©fe*©,«%W-r*Ci*i|t«i-r*SI*]Bl Aitfc 

xyN(4g4t^a^S#l34WU. c:©u-if^^i+t*?$ 

1 5iB«©?g«R^K^?fe^g. 

[I««312 2] ?K««:ig«:%#^L*©U'^;U*Ji:iyf 

s*fWKai-r s?Si<*«*&*iJ8P#® *«it act *!^«<t -r 

[ if 2 3 ] mwm^pm^mi^r i>m.w^^ 
js-r -s^s^rwr s c i -r 2.se*3i 2 2 sa*s© 

?S«S39:iJS*^g. 

s. 

[%mm 2 5] X7^5:^^l«■r s^®?: wrea^JB 

1 4 S /ctt 1 5 f Hi8©fflEaSCi9:Kgg3feS?S. 
[f«3j01 2 6] xy^{c^(filr ajfc^JR^^SrftHgr S 
^S=&W-r-2.g«*^ 1 4*/c« 1 5sB«©jS«Sa2:^S 

^g. 

[ mm 2 7 ] AD^^S^ffiSi^Di^g-C^) a§il^ 
92 5S/c»2 6fB«)(©?KS^fi:g^3t^g. 



C3) 

3 

•r-s;^^ f^-^-tf?:ii^4fS*s 1 4 1 siaagoD 
[g«*Ji3 1 ] mm<mmt. «mmi'cmt>tix{.> lo 

1 4 Sfcl* 1 5fBt£©MS^12f^S7l^g. 
C i «:!^® i T €.111*^ 1 4 * /c« 1 5 iBtSCD^S^tS: 

[if ^^3 3 ] •j7X7^|g«J#e«•^7X>'^^S«F«3<DS 

3!>ie>■?x>'^«^Sa^±l•r5^«:. '?x-'NCD::i>^J< i4)>tM* 
xT-:?'a--r5^S**-rSft*53 3i2*809»taSC 

ta«j^^^g. 30 

[m^ms 7 ] •^7x^^|gsb^©fix*iJ:cfY:^r^aK:^ 
{c^ai)$ n*>o'^x-'>*ffijg©*i^«:«w 

iS. 

O-C t ^ 5. C i t-nn^m 3 7 ie«©ffl!«^iJ 
[^^©l¥«ffl!^j:Si^] so 
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[0001] 
[0002] 

=k, (X/NA) 

>x©NA mam . k» . k. »r^oi2;:^«:M«s-r 

[0 00 3] i5^-C«, Se*©«II*iR*T© 6r«> i 
3!p6. <fc'3igg©St->x+->-7U-lfiP?(3:n.2> (Kr 
F. ArF) . igtCB. X«©figfflfctti*Snrt,>4. 
:^-C{3:« (4tB5^7 h ■? :^ . mt^mmmmic J: 

x=1r>>vu— (KrF. A 

r F) ■?'Xi^*if«jffl-rs:frffi«. ^ga;^ h*s^< 
>«: J: o t:}am*i»!^-r?# ^jTOti^fe **^©fflja*ia 
[ 0 0 0 4 ] -^-c-c. ?sa:^«rJi^-r-SiS**s)S:3*ar 

^BS63-4 9 89 3-^<2:««:«. S 
3f^g«:*5t,^-c. iffi[>'hu>X©5tig*HX«3.fflArfSf*dS 

iffl>'^^>Xi•^xy^i©ra{c?g«^*fiS}#•r4J;5«: 
«>©*sf2«ss nr o-s. 

[000 5] 

©^^■r*»). IIRR©$^j^xgt'ffiffl-r U^<D^ 

[0006] *^%?B©sfi<j», ±iKJe3i5fi^ji5©raffi3*«: 

^^5*', g«a. ii^. ^IJx^^-^vU— tf^©^-rSg 

^m<om.&^t^h-r . <ir©ifi^s-c*>. -?-n^n©jgs 

[0007] 

[giii*^9i-r.5A:«{)©#i2i c©aw*^fi£-rs/c«f) 

TMB« 3 n/c U 9^ ^ ;l/±©^N-tS? - ><lr x>'>±«:!aiJT 



5 

C 0 0 0 8 ] {4S9iJst)#S{*. iiS. •5x^^^4S^^al 

;:^agtc?pt-r -5) "i? X ©{is^^imf s 7 * - * 

J#LT|g«J-r-5.'t7X.'N|EKl^gi. -^x/NflgJi^lgGJ^ 
[0009} ?g««E3^Fa*«fi£L/. ?g«rt©®»©»n 

[0010] 

/c-r. efii.^a&3!is»ie>n-ci»^> d. w. 

Pohl.W. Denk & M. Lanz.App 
1. Phys. Lett. 44652 (1984)). 

L?fcC«JiLX». TH. Kawata. J. M. Car 
ter. A. Yen. H. I. Smith. Micro 
electronic Engineering 9 
(1 98 9) J . mt. rx. R. Co r 1 e. G. 
S. kino. USP 5. 121. 256 (Jun. 
9. 1 9 9 2) J *14>.5>. HUB&3i:«, m%<^is^i ^WLW. 

CO 0 1 1 ] tSe3S*>6^?><TCl>Sliffl^© 

>1*!BS W > X i ii5if4©F^ 4;S®ST^©^»r ji/c-r i t ^ 5 . 
TJffi*. ^ie^ilior©fiUS7ic^g-rj|3irs3&© 

[0012} C© r^il©jaigj <!:«. A, *S5!£3t© 
^«T©jeSiL. *fc. 01 0«:m-rJ:^K:. n* 

?ftS{cftffl-r-5«{*©SMtc**-r2>®tiTS. a*^© 

jR^^JIiU. NA. =s inai-r^xt. SE@L./c« 

fl5j2li©fi?fli:tj*sJ:Uf*l.*.aiS». iXA<DJ:^ictj: 
4, (jS?«^) =k, (A./n)/NA, 
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(.m^Mm) =±K, (A. /n) / (NA. ) ' 

4ci*i-cir.5. cnii. ^>6»9>^)^^•^->©0««:*^ 
c©jaii*i*>-r/c*cctt. «(*:©,KS. 1^— tt. as 

10 - ^tt{^-c>i'x^^±^c^^xS3feL/r^f<S7lc^g-c{i. 
to^'ptf (c^-r'2>fffi<*©fi£«)^»iij4ffi:'3^i>nf< -r^c 
■5x.'^il:^^*rt^c^eA■r-s^©'5xy^^sK:^l^•r 

H+-&a:^tCl/-r(,»S, tie*. 2 5 6Mb i t~l Gb i 

t©DRAM©^j^-C«, ii^. x+WU— tf?r3fei^. 

<i:-r2>fit*©x7^v>'N-*>6, xia. ^«m^tr-A (E 

20 oT. ii^. ^»x=^->v^-1f«:?tiiSi-r-2)Se*©X 

x•^/^•T^^e*©s?^i7•o^2;=^*ssfflm3fe, j^jRWJcstSt 

[0013] WTtc. ^m)lD-CJ:»3l?«ffl«:lftia-r 

^. 

[0 0 14] 

mmmi 

la 1 12, :^mm<Dm i ©ii»g«ni(c^2?flES^«:^S3i&i^ 

n*'i;x^^. 3«'^7xy^2±{C^5=•^'iH ±©lsIBS''>"^' 

->*a:iJ-r-2./c*©->i' y ^Rc^^m.mi:m^tc 

efS©fi:s«:(ag^«{>rs/c««>©u9^4';wx7^-5;'. e 

X / ^ 2 ± tc gt (c 3 I » ^. IhI 88^ < - > tc ^S: 3 -a- 
s/cJ*©T ^ y > h ^^r* 4. 

40 [0 0 1 5} Si53fe^l^4©'i7X/>2«®{C*HfiJf 
>X^:l|2©3fe^S^-7iP?.J?C<!:«:-r.S<t. C©II2 
©7t;#M^7©'>x/>2«ffiK:*f|«iJ-rSffi». H2*JJ: 
O*0 3{c^-rJ:^«:. ^ffi*>Si,>«'i7x^N2«ffi«:r^*> 

tc. ^2©3t^«^7^®«:^m®-?>«ra**^e>tcc>« 
{c-r4/c«>-c*-5. ffia$n4^t^jR^7©^® 

*jJ:jyf'i7xyN2±©!®^J©affi«. ffiStcffi^r^iK 
3 0 t a#Dtt©* 3 - 3" > i'^JSi-r C 1 $ L 
M2©3fc^«iF-7i»^^li%4©^(e<!:©ia{C 
50 ?Ki*3 0©«lfS'v.©{gA«rB5r<r:te*©i'-^P8*$4) 



ffi*i*»n^ -s <fc ^ «:«flctcTn«^T* s o 

[00 16] Q\tmW^O^mfc^fc^o:>mM {^^ly 
^^') . 1 0«»^X-/N:^7'fe^^ 1 2«•^x>'^2?:^•r 
-S/ctoOr^X^N^l^ vif. 11-1-^11 -4»•5J^^^ 

fl{4g?^i?>^g 1 1 - 1 1 1-4 CD— U < 

[00 17] 1 5&^b-1fT^tt. 1 6«S(8IjXt'->? 
1 4±tCX4sJ:a^Y:^l^ (Y:^f6]t^:^07n) tCBXO^^t^t 
^S6;^f'-^i 40&g*i+»JT^/cd5tcu-if 

ccisjf Hx ^ i^i-i . \y-^=^m\ 1 5 <o%mmmM^(o 

[0018] ^•*'>>'^*9^^i^/c. ^gi*3 0O]i5^^a'J 
^T-S/cJt^CD^KHy-S^^l 9. iS^3 OCDSfi^S'J^-r 
'5afiH-2 0, *5j:cxas=3> ho-"7 2 6n 

Tc^^o ^i'>>'^'9tc«. se>tc. mw?^ooym^^n 
kmmMm^tifcMW^ o ^mmt^^^^^^m^. wl 

^3 0 4^O:T^*«^a^^®"r^/c2s5C0-7 ^;l/^2 3 ^f>-te^:' 
hSn'C(r>^>o 2 4iiM»3 0C[>SJFf*?:ii'i^*r«)/cd?) 
(DSJSS. 2 5 0 *i^K(c-r S/c«). 

2 ^ffi'?^^ 2 <o%^m^i mm^m^m^m-r^cD 
[0019] 'AliC. ±Mmmo^m.<ow^s(om^. 

&e»5&^G^^),®7t:S^J*^^&LT*^':;xy^2^:^J:>'^ 
JSii^Kgl 1 - ir. •>x/N/7-fe*;^ h 1 OcfcOaXDffl 

Oc, ':;x>^NiilOii^>'>>F 1 1 -3r•5x>'^2?^^^>F 
lf>^0, ^i'>>''«9rt«:®SSt^/c'?xy^^•^ -^d^ 1 
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2±tC^xyN2^-b :y hT^o '^xyN^i' ^ 1 2±tC 

sssccffjsis tifcmmm<omw 3 0 *5is^;j<> :7- 

22^J:oT. y ^ J\^^2 3^ifLX. ^^'>^^'9rt^c 

t^i 9;&^cn*i^Lr. d<>r7-2 2*ff±-rSo 

[0 0 2 0]^ft3 0<DSK«. iaK-fe>1f2 0«:<fcO 

So tfc. ^i*3 0 4i<o^ra. ^:t,j^2mmf^iimLfc 
m2<oyt^m^7mM^iimLtc^m^t. m=B& 
mm^s2b^i'm^'^xm^'r^>c c<om^iRtm 
«»3oa<*^i^— ocT-s^siji^fewurteo. mm 

20 [0 02 1 ] m9rmmmmm2 4 T'?S(*3 0 Oi^— tt;?)^ 

cfcO. «^*3 0(DSStt^^^^f S7J>^. ll2(D7fe^^^7 
<h x.^N 2 a® i ©PaPl:05^m m 6m+m mgSr *> 

}R*3 0^3tti*«:W^s«3&>6: Jtfinw^i^rar. 

COa55>cD?ffii*3 OCD&feSftt*?ti:< 3^j:€>o fifoT. §5^3 

V hm(^::^7^vy'^&(^mmmm^m^^. mmmwm^ 

82 4-^. C(DS|J55'<D?$f*3 0<Dfigtttfc«*S»J5Eb. 

>7-2 2*f^«b3i±. -5eiaa[<D?ffi<*3 0*tei3i±s 

[0 0 2 2] '?X7^2 0^®CDS3fe3&^^T■rS<f:. Ctl 
^^3 0*gmL*^$?)So CC7)B#. tSM^'-S^I 9:^^m 

I 2mJ:K>mi)^(tCtSi<rj:-yfc^}kr\ mm 
40 d<>:7-;|rff±$-t±'So Se^T. gf ttJ-T S?Si* 3 0 CD* 
ii. M3&^r4>-2>o C(D^ik. '^Xv'N^-t^ 1 2<D 
-A^SrWO. ^RtH>'^>Fl 1-4-^. ^;xy^^1» ^ 1 
2±CD'?x.'n2?:-'^> K V >^bT. 'i?x>'N:^7-fe h 1 
0k:iRffiT2>o CCDB$. iRSSatutC, »;7X/^20Mffi^ 
.ii7»;->3^cCXTr:/P-L'r. ?ffi^3 0?:'?x>'^2a® 

[0 02 3] mmm2 

mi iiit:^mM(om2<Dmmm(^^i>mm^^mytm 
Bo«^0, mi2{tmi 1 K:*5^:f^>•?x/^^1. ^.d^ 1 
50 2<DtKffi0. ^1/-C0i4«0l 1 tc*5&:f'5;^7"-i^gp 
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3 l»•?x^^2^:^^'>>'^'9rtCCffiA*5<^:C/tfimf 
itXDWlMD. 3 2 ktmWii:^y'-zy 1 4 ?r*^:6'i^k:i^Sb 

/c2s?><DSS!j<>:/. 3 4«^3i<>:/3 3CC«iK3ti/c 
^N*;U:/. 3 5t3:S^ft3 0^^*t*-5>/cis?)«:^y->3^cCX 
r * »J? 2 aSK: e>C *ftl:f S /cdbCD XJl/^rWr S ^ 

[0024] ccD^fiS^^si^T^i. 1 com^^W) 
mmi^njtyti^o ^/c'^xy>2^'i;x>^N^+^^l 2± 

±L/d^\ ^e>^. >''^+aL-A5'i->^>'9^SiKL/Tli 20 
02<D3t^^iF7^®CC«SL/carafc^*'r^c 

oc, cntc3^^^3nrl^-&-'^v^:/3 4^>B^oe>n. 3j<> 

V'2 2tH'mi^X. M(*3 0^»aEEL*&8?)^o ^LT^ 
1=- 9 ©rta«:*J^ Uri^SEt^tt 3 6 ©E^?35>^5£ 

>1f 2 0CCj:^?gtt3 0(Dae(D^B$lltI^tfe>o ^ 30 
/c. '^xy^:^;•te h 1 O-^cOJtXa^iSmrtcfci. 3 5 
<fc»^'^x^^2<DMffi?&5/;IJ^>^CXTr:^P~3n. ffi 
W3 0i)^^x.J^mMf)^hm^itli>. facDiimJilJSW 

[0 02 5] cnK:J:ntf. ?ffif*3 0:i&5JnBESnn^S 

ft3 OCr)Ii:^^<toT. *i;X7^^1^ 1 2±<D'i?X/N 
[0 0 2 6] ^tSg!l3 40 

HI 2«*^e3(Dm3cDiijgfi?aK:^^>iga^S7t^g© 

»5x/^^1^-^^gB^<D»^ffiS-e*-5>o ±^«:*5tir«. 
^;x>r^^5tc^gft^^j£ALSfffl•rSct^CCUru^>:?&5. c 
cct^. S 1 2U:^"r<fc^«:. •J;x>'N^i> ^7 1 2Cc>' 
'\'v^m»3 1^nm\y. ^s.J^2ifiO:L^^^^v^\ 

2 ±cc* -5)«^cD^5>^i^ ^ *iac'»"c^>*+ ^ - A®^-r 

^<fc^»^br. 7gi$3 O^rSS/cU/c^^rfeMST^^ 

Jc^^ccuri^i-So cntcio. :^)\^-':^v V(o\^±J)m 
6ti4o laal^^lS•?x-r^2«. ':;x/>3IO 

jZi;5^y^>Fl i-3tcJ:or. «f*3 0«:*rL/r*48?)iJc so 
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\tmmK%mmhtj.\.^<i:^^WLW3 o^icjfAsn. 
[002 7] mmmA 

tg^tcfcl^r, ?$tt3 0*(c:jSiK®;{>^tlA*r€»O*R»<' 
tc^liC. XY:^7'-i>\30MnJh^. ^i'>^^'9CD^1' 
g|5tcg< <l:^K:«^U/ct><Dr*-5o CO^-^. I^HCc 
TTK-Tcfc^^. XY;^7*-t;^ 1 3:^^*:^)^^^'>>'^*9CD^1-«: 
leg^tl. XY;^7^-5^1 3±^^i'>>'^'9?:tS^±T5^ 
i'>^>*9C:ifilLS8i8?)$nSo CCDig^. ffiftSO^i* 

>>'N'9F»ggpcD^i*3 otmmn(DM&mc^'^x^'t 
i><Dx. mi^7fc§r^^u. mi^^ viy:^mcm^^ 

t>^±fc7. fcf^ >r If 2 9 ^X'f^ V ':micWLW 3 0 tfitcff 
ALT. Mi*3 OOSStt-^i^-^^Jf^^en^lfjSK: 

>f1f29^. SI 3tc^T<J:^tC. cti,CN«:!S:RU>X4 
[0 02 8] ^tfegdS 

«^CC*5lir. ffii*3 Ocfiic:F*6®l3!>^SA-re<D«:B&<' 
/c2si)tc. XYX-r-t^l 3CDlES!i^^. *JSM4<Dit'& 

-f—t^l 4<DiSffiK:B5E2 7«:i2L/. >^'«9 ©JSBd 
^SSSttCDttf^rltaur. ^^'>>'.'<9<DTgP^*>^X 
Y;:^^-i;^l 3±CDM52 8 <b»^CCie^S-l±. 
>^-«9©iS®«rSS[«l>^7^-S^l 4<D;^-< FiUr. XY 
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